Background: Vitamin D, which influences cellular proliferation and breast tissue characteristics, has been inversely correlated with breast cancer risk. Dietary vitamin D intake has been associated with lower mammographic density (MD), a strong intermediate marker of breast cancer risk. Findings: We examined the relationship between MD and serum 25-hydroxyvitamin D [25(OH)D], an integrated measure of vitamin D status from dietary sources and sunlight exposure, in a multi-ethnic cohort of women undergoing screening mammography. We recruited women age 40-60 years without a history of breast cancer at the time of their routine screening mammogram, and conducted in-person interviews and collected blood specimens. We enrolled 195 women from 2007-2008, 120 gave blood, and 114 were evaluable, including 25% white, 41% African American, 18% African Caribbean, and 16% Hispanic. We digitized mammograms and calculated percent density, dense area, and non-dense area on cranial-caudal images. We measured serum 25(OH)D in batched, archived specimens. Median serum 25(OH)D was 22 ng/ml (range, 8-66 ng/ml). In univariable analysis, higher serum 25 (OH)D was associated with white race, higher educational level, ever breast feeding, and blood draw during the summer. After adjusting for body mass index and other confounders, we found no association between serum 25(OH)D and different measures of MD. However, when stratified by season, 25(OH)D was inversely associated with dense area during July-December (p = 0.034). Conclusions: Overall, our findings suggest that circulating vitamin D, a potentially modifiable breast cancer risk factor, is not associated with MD; the seasonal effects we observed need to be replicated in larger cohorts.
Introduction
Vitamin D has a number of anti-tumor properties, including inhibition of cell proliferation and induction of apoptosis and differentiation [1] . In observational studies of breast cancer and vitamin D status, women in the highest quantile of circulating vitamin D had a 45% reduced risk of breast cancer compared to those in the lowest quantile [2] .
However, the effect of vitamin D on mammographic density (MD), one of the strongest predictors of breast cancer, remains unclear. MD refers to the relative proportions of radiolucent fat and radiodense fibroglandular tissue within the breast on mammography [3] . Serum 25-hydroxyvitamin D [25(OH)D] provides an integrated measure of vitamin D status from diet, supplements, and sunlight exposure and is considered the best indicator of vitamin D body stores [4] . We examined the association between MD and serum 25 (OH)D in a cross-sectional study of racially/ethnically diverse women undergoing screening mammography.
Methods
We enrolled 195 women age 40-60 years without a personal history of breast cancer to the New York City Multiethnic Breast Cancer Project from January 2007 to April 2008. Participants were enrolled at their routine screening mammography visits at Long Island College Hospital (LICH) in Brooklyn, New York, as previously described [5] . All participants completed in-person interviews providing information on demographics and breast cancer risk factors and consented to allow study investigators access to their mammograms; 120 (62%) participants provided a blood sample and 114 were evaluable for serum 25(OH)D measurements [5] . The study protocol was approved by the Institutional Review Boards of LICH, Long Island University and Columbia University Medical Center (CUMC).
We measured serum 25(OH)D in batched, archived specimens by Diasorin radioimmuoassay (Stillwater, MN). Interassay precision for quality controls were 14% and 18% at 15 ng/ml and 48 ng/ml, respectively. We evaluated digitized mammograms for dense area (cm 2 ), non-dense area (cm 2 ), and percent density (dense area divided by total breast area) on cranial-caudal images using Cumulus software, as previously described [5] . The Pearson correlation coefficients for repeated readings of a randomly selected 10% subset of mammograms were 0.99 and 0.9 for breast area and dense area, respectively. We performed 2-sample t-tests and chi-square tests to determine whether the distribution of selected breast cancer risk factors differed by serum 25(OH)D. We used linear regression models to investigate the association of MD with serum 25(OH)D. We assessed for confounding by using the change in estimate criteria of 10% or more for estimates of the association between serum 25(OH)D and MD after adding each known potential confounding variable to the bivariable model. The multivariable models included age, race/ ethnicity, education, body mass index (BMI, kg/m 2 ), ever breast-feeding, and season of blood draw (January-March, April-June, July-September, October-December). We also conducted stratified analyses based upon menopausal status, BMI (≤30 vs. >30 kg/m 2 ), and season (January-June vs. July-December). All statistical analyses were conducted using SAS version 9.2 (Cary, NC). 
Findings
The median serum 25(OH)D for the entire sample was 22 ng/ml (range 8-66 ng/ml). Forty-seven (41%) women had serum 25(OH)D levels in the deficient range (<20 ng/ml), 32 (28%) in the insufficient range (20-29 ng/ml), and 35 (31%) in the sufficient range (≥30 ng/ml). Baseline characteristics according to groups above and below the median serum 25(OH)D are shown in Table 1 . In univariable analysis, having a serum 25(OH)D above the median was associated with white race, higher educational level, ever breast feeding, blood draw during the summer, and a trend toward lower dense area (p = 0.086).
After adjusting for age, race/ethnicity, education, BMI, ever breast feeding, and season of blood draw, we found no association between 25(OH)D and the different measures of MD (Table 2) , even when stratified by menopausal status and BMI. We did, however, observe a trend toward lower percent density during the late summer (July-September), when the highest levels of serum 25(OH)D were observed. Stratified analysis by season (Table 3 ) revealed that serum 25(OH)D was inversely associated with dense area in multivariable analysis (p = 0.034) during the months of July-December.
Discussion
Overall, we observed a non-significant trend toward lower dense area in participants with higher serum 25(OH)D, which was no longer significant after adjustment for BMI and other confounders. However, during the months of July-December, we observed a significant inverse association between serum 25(OH)D and dense area, which may be a better a measure of MD in obese women.
A recent systematic review of fourteen studies examining the association between vitamin D and MD [6] included twelve cross-sectional studies [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] and two prospective studies [19, 20] . Nine studies assessed vitamin D status by dietary and supplement intake [12] [13] [14] [15] [16] [17] [18] [19] [20] and five studies by circulating 25(OH)D levels [7] [8] [9] [10] [11] . Only four studies considered dense area as a measure of MD [7, 10, 11, 15] and five studies included populations which were diverse by race and ethnicity [10, 11, [15] [16] [17] .
Five out of nine studies which assessed dietary intake of vitamin D reported a significant inverse association between vitamin D and MD [8, [13] [14] [15] 18] . When stratified by menopausal status, much of the association was limited to premenopausal women [13] [14] [15] . In a sub-study of the Women's Health Initiative (WHI), no association was observed between vitamin D or calcium intake and MD among postmenopausal women, however, supplemental vitamin D use was associated with lower density in younger women [17] . Of note, we did not observe an association between 25(OH)D and MD when stratified by menopausal status, however, this subgroup analysis was limited by our relatively small sample size.
More recent studies that assessed serum 25(OH)D levels in relation to MD have reported null findings [7] [8] [9] [10] [11] . One study found that women in the highest quartile of serum 25(OH)D had the lowest density measurements, although no significant relationship between serum 25(OH)D levels and MD was reported [7] . No association was found between circulating levels of 25(OH)D and MD among postmenopausal women in the Nurses' Health Study. However, women in the highest tertile of MD and lowest tertile of plasma 25(OH)D had a 4-fold increased risk of breast cancer compared to women with the lowest MD and highest plasma 25(OH)D [9] .
A limitation of all of these studies was that the blood collections for serum 25(OH)D and mammograms were We measured serum 25(OH)D in batched archived blood samples using the well-validated Diasorin radioimmunoassay. Prior research has demonstrated that circulating 25(OH)D is very stable in serum with long-term storage [21] . There is increasing use of LS-MS technology, which allows for quantification of 25(OH)D 2 and 25(OH)D 3 separately. However, the clinical utility of separately measuring D2 and D3, as opposed to total 25(OH)D, is uncertain [21] .
Percent density is a measurement of the dense breast tissue relative to non-dense, primarily fat tissue, and as such percent density partly accounts for differences in breast size. However, it may underestimate MD in obese women with large amounts of fat. We also assessed dense area and non-dense area, which were only evaluated in four other studies as measures of MD [7, 10, 11, 15] . Given that the mean BMI of our study population was relatively high at 29.2 kg/m 2 , dense area may be a more accurate way of assessing breast cancer risk in these women. Obesity has been positively associated with postmenopausal breast cancer risk [22] and is also inversely related to vitamin D status. People who are overweight and obese have a higher prevalence of vitamin D deficiency compared to lean individuals due to decreased bioavailability of fat-soluble vitamin D and sequestration in adipose tissue [23] .
The main limitation of our study is the relatively small sample size. Strengths of our study include the large African American sample, comprehensive examination of risk factors, adjustment for season, use of an objective measure of vitamin D exposure, collection of blood and mammograms at the same time point, and assessment of three different measures of MD. In particular, dense area is less studied and may be more relevant in a study population with a high prevalence of obesity.
In conclusion, serum 25(OH)D status, a potentially modifiable breast cancer risk factor, was not associated with MD in this cross-sectional study. However, we did observe an inverse association with dense area based upon season, which needs to be replicated in larger studies. Since a one-time measurement of serum 25(OH)D may not reflect lifetime exposure to vitamin D, future prospective studies should examine changes in vitamin D exposure over time in relation to MD and breast cancer risk, since few longitudinal studies to date have documented changes in vitamin D status with changes in MD over time [24] .
